In general terms, all animal houses in the public sector have similar functions: they maintain groups of experimental animals for their Home Office licence-holders and monitor compliance with the relevant legislation. Of course, variations in these functions occur; e.g. some units pursue a policy of in-house animal breeding, and others purchase animals only from commercial suppliers. The budgetary arrangements within many units also vary, some being required to recover the costs of the supply and maintenance of animals from their licence-holders and others being centrally funded. Generally, however, the administration is similar and it is surprising, in these circumstances; that computers have not been more widely employed, since they have become commonplace in other spheres of commerce and industry. This paper describes our experience with the development and use of the Newcastle University Animal House Management System (NUAMS).
Purpose
The principal functions of NUAMS are stock control and accounting.
Specifically, an accurate
Received J2 September /985. Accepted 9 December J985. and regularly updated inventory of the animals held in the unit can easily be produced. Given this database, lists of the animals held by each licenceholder or department can be produced, and letters detailing the animals held by individual research workers can be generated automatically.
The letters to individual users can also be used to provide other information, e.g. reminders of the impending expiry of their Home Office licences, or may be expanded into an in-house newsletter.
The current animal inventory file also serves as the source of the information required to calculate charges for holding animals if it is desired to do so. NUAMS provides for the collection of the required data either by hand or automatically using a bar-code label system (Wootton, 1985) . Animal purchase costs are stored in the database and can be accounted to the individual concerned. Invoices can be generated at regular intervals (e.g. monthly). The invoices can include animal holding charges, animal purchase costs and other incidental items such as operating theatre time or drugs supplied from the animal house stores ( Fig. I) . At the same time, copies of the invoices can be produced for the parent departments, together with summaries for the finance officer ( Fig. 2 ). In addition, a wide range of further information can be extracted from the database. This includes, for example, lists of animals purchased collated by species, strain and supplier, current stock levels in individual animal holding rooms, and the age and resi~ence time of the animals held there (Fig. 3 ). Such information is valuable for management purposes.
NUAMS also contains an uncomplicated accounts packllge . to facilitate close financial control of internal departmental expenditure using commitment accounting techniques. Several separate budgets can be maintained, and data concerning expenditure and income can be output in a..suitable format for plotting graphs (Fig. 4 ). Experience has shown that graphical display of data .is preferable to tabular presentation for the early identification of trends (Tukey, 1977) . This is clearly of particular importance when financial data, such as departmen- 
System design
Our aims in designing the system, not necessarily in order of priority, were to make it (1) portable between different computers (2) easy to maintain, enhance and modify,
(3) convenient and uncomplicated to use, both for the beginner and the expert, and (4) secure against inadvertent database corruption.
Since most of the administrative work of an animal house involves record-keeping and the manipulation of files of information, we chose to write the system *Supercalc3 is a registeredtrademark of SorcimLtd and is availablefrom ACT (UK) Ltd, Shenstone House, Dudley Road, Halesowen, W. Midlands B63 3NT. in a database language, rather than a high-level language such as BASIC or COBOL. The database language chosen for NUAMS was dBase II*, a (deliberately) conservative choice because it was (and still is, at the time of writing) the most widely sold database management system for microcomputers. This has the obvious advantage that the software is 'mature', in the sense that errors have been found and corrected. In addition, the software has been implemented on a wide range of microcomputers, so that potential NUAMS users are not constrained to the use of a particular machine. Finally, a large number of introductory textbooks describing the use of dBase II are readily available, which makes it much easier to acquire a working knowledge of the language than by reference to the manufacturer's documentation.
It is thus especially easy to modify NUAMS to suit local requirements.
The user interface
Since the user interface, by definition, is that part of the software with which the user interacts, we feel that it is difficult to overestimate its importance. Other workers have remarked that the user interface is the prime obstacle to the efficient use of 'dBase " is a registered trademark of Ashton-Tate (UK) Ltd, Oaklands, 1 Bath Road, Maidenhead, Berks SL6 3BW.
computers (Lawson, Bertran & Sanagustin, 1978; Waltz, 1978; Schofield, Hillman & Rodgers, 1980) and we have observed that, for example, certain very sophisticated statistical packages have such poor user interfaces that even experts find them difficult to control and adopt a 'try it and see what happens' mode of working. We therefore chose a menu-driven approach for NUAMS ( Fig. 5) , in which the user selects the next operation from a list of choices. Although slow during routine operation, this is much easier for a novice user to learn than a command-driven system. A principal design aim was to make NUAMS easy for personnel without computer experience to use. All data-entry routines therefore interpret the user's response as a character string, subsequently converting it internally to numerical form if appropriate. This makes it impossible to crash the program inadvertently by typing a spurious character (e.g. by typing a letter in response to a request for a number), it means that input is not case sensitive (i.e. both upper-and lower-case replies are recognized) and it makes it possible to employ a universal 'abort character' which can be typed at any stage in the dialogue to abandon the current operation (the default abort character is '@' but it can be altered easily when the system is initialized). An admitted disadvantage of this approach is that it is slightly slower than direct numerical data-entry, but in our *** Main Menu *** opinion this is more than outweighed by the advantages.
In addition, considerable care has been taken to ensure that as much as possible of the requisite data-entry takes place via software 'filters' to ensure, inter alia, correct and consistent spelling. Thus the names of all users, animal species and strains, for example, are validated against the Wootton & Flecknell appropriate file when they are typed in. It is not necessary, however, to type more of a given name than is required to specify it uniquely, a single letter being enough in some cases. If too few characters are typed, then the user is given the choice of displaying the alternatives in order to resolve the ambiguity (~ig. 6). In some cases, e.g. numerical data-entry, the user can select a default value (displayed on the screen) by typing a single carriagereturn.
All data-entry, such as the addition of new data to the validation files, is by question and answer, ensuring that all the requisite information is elicited from the operator. For example, the dialogue involved in adding a new user to the file of user names includes questions concerning the user's department, address, telephone number and animal licence (Fig. 7) .
The error and warning messages produced by the program are intended to be self-explanatory and to minimize the number of occasions on which it is necessary to consult the User Manual.
System security There are two aspects to the security of any computer system. It is usually desirable first to restrict access to the system to authorized users To add an animal purChase cost to the database. ¥ou will need to know:
1. the user's name, 2. his Led~er number (e.~. Department or Research Grant number), 3. the date on which the animals were delivered, A. the number. species, strain and wei~ht ot the animal(s). 5. their supplier and 6. the total cost. Advisory messages from NUAMS are displayed in square brackets. alone and second to ensure that unforeseen problems do not result in the irrevocable loss of the data stored in it. Restricted access is particularly important in view of the terms of the Data Protection Act, which apply to any computer system in the UK in which personal information is stored. NUAMS is a password-protected system, so that it is necessary to know an individual's secret password before the programs can be run. In addition, different categories of access can be assigned to different users of the system so that it is possible, for example, to exclude those concerned solely with data-entry from any operation except the addition of data to the database; this limits any damage they might inadvertently cause by deleting information.
The second aspect of system security concerns data recovery in the event of a database corruption, perhaps due to a hardware error (e.g. a disk-head crash) or an external cataclysmic event (e.g. a fire which destroys the computer). In a situation in which an animal house relies on a computer for a major part of its record-keeping and administration, we feel strongly that error-recovery procedures must be reliable and well rehearsed. To this end NUAMS automatically creates back-up copies of the principal data files at start-up every day and includes a routine for rebuilding the system completely from the back-up disks. If these back-up copies are stored separately from the computer (preferably in a separate building but certainly in another room) in a protected environment, then it is a straightforward matter to restore NUAMS at any time to its state on the previous day. In addition, NUAMS maintains a transaction log of all significant changes made to the database files, which can be inspected at any time if a database problem is suspected.
Experience at Newcastle University NUAMS was implemented on an Apricot Xi microcomputer (256 kbytes random access memory, 10 Mbytes hard disk, 720 kbytes exchangeable floppy disk) at the beginning of 1985. Approximately 150 users from about 30 departments have access to the animal house facilities. The data collection for animal stock control was carried out with a portable bar-code reader (model 941OB, Intermec UK Ltd, Unit 8, Cut bush Park, Danehill, Lower Earley, Reading RG6 4UT, Berks) which was easily interfaced to the computer using the communications program provided by ACT (UK) Ltd. After an initial monitoring period, responsibility for the day-to-day management of the system was handed over to the staff who had no previous computer experience. The introduction of the system has resulted in a reduction of approximately 75% in the time taken to generate and process interdepartmental accounts. The additional data processing power provided by the system has proved to be an extremely useful aid to departmental management, and staff have been favourably impressed with the ease of operation of the system.
It must be admitted, however, that NUAMS operates slowly in comparison with a protoype program which was developed on a large multi-user mainframe computer. This is a consequence of the use of an interpreted language such as dBase II or BASIC, the solution being to compile the programs before execution. It is our experience that it is never possible to write a system in which every possible operation is specified in advance. Ultimately, the system operators will always want to modify the files and this is greatly facilitated by the interactive nature of dBase II.
Further information
Availability NUAMS is available from the Laboratory Animal Science Association.
The package comprises the dBase programs (fully commented), the User Manual and an Installation Guide. (The dBase II interpreter, which is required to run the programs, is available from the commercial software house Ashton-Tate.)
Hardware requirements
Central processor: any which will run the dBase II software (see below) Memory:
one disk drive, either fixed or exchangeable, with a capacity of approximately 750 kbytes and capable of handling about 250 files. A second exchangeable disk drive is also required Printer:
any 80 column printer
Wootton & Flecknell
Software requirements
The dBase II interpreter is required.
Conclusion
NUAMS has fulfilled its design aims -it is portable and easy to maintain and to modify. It is convenient in use and reasonably secure, and has proved to be an invaluable management tool.
